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CLAIMS 

1 . An emission control system for a lean-burn internal combustion engine, comprising 
(A) a first catalyst system, comprising platinum group metal selected from platinum and/or 

5 palladium and/or rhodium, which catalyst system has a ratio of % NOx conversion to 
% hydrocarbon conversion of at least 0.2 as measured at a temperature of 230°C, a space 
velocity of 25000hr _l and a hydrocarbomNOx input ratio of 3:1 counting the hydrocarbon 
as equivalent propane, and (B) a second catalyst system, which has, as measured under the 
same conditions, a % hydrocarbon conversion of greater than 80% and a % carbon monoxide 
1 0 conversion of greater than 70%. 

2. A control system according to claim 1 , wherein the first catalyst system is such that 
the exhaust gases from the engine flow over it at a space velocity below 40000^*'. 

15 3. A control system according to claim 1 or 2, wherein the second catalyst system is 
such that the exhaust gases from the engine flow over it at a space velocity of 40000- 
SOOOOhr 1 . 

4. A control system according to any one of the preceding claims, wherein the first 
20 catalyst system and the second catalyst system each contains platinum. 

5. A control system according to any one of the preceding claims, wherein the first 
catalyst system is ahead of the second catalyst system in the exhaust apparatus of the engine. 

25 6. A process for the control of emissions from a lean-burn internal combustion engine, 
comprising passing exhaust gases from the engine over a first catalyst system, comprising 
platinum group metal selected from platinum and/or palladium and/or rhodium, which 
catalyst system has a ratio of % NOx conversion to % hydrocarbon conversion of at least 0.2 
as measured at a temperature of 230°C, a space velocity of 25000hr 1 and a 

30 hydrocarbomNOx input ratio of 3: 1 counting the hydrocarbon as equivalent propane, then 
passing the product gases exiting from the first catalyst system over a second catalyst 
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system* which has, as measured under the same conditions, a % hydrocarbon conversion of 
greater than 80% and a % carbon monoxide conversion of greater than 70%. 

7. A process according to claim 6, wherein the gases are passed over the first catalyst 
5 system at a space velocity below 40000hr'. 

8. A process according to claim 6 or 7, wherein the gases are passed over the second 
catalyst system at a space velocity of 40000-80000hr" 1 . 

10 9. A process according to any one of claims 6-8, wherein the first catalyst and the 
second catalyst system each contains platinum. 



10. 



A process according to any one of claims 6-9, wherein the engine is in a vehicle. 
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3. □ This report has been established as if (some of) the amendments had not been made, since they have b en 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
IS claims Nos. 1-8 (no final opinion). 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 
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No: Claims — 
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No: Claims — 

2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
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INTERNATIONAL PRELIMINARY international application No. PCT/GB98/00705 
EXAMINATION REPORT - SEPARATE SHEET _ 

A. Re Item VIII (Certain observations on the international application) 

A.1 Since the engine is not part of the arrangement covered by present (apparatus) 
claim 1, present claims 2 and 3 do not make any sense, since the gas flow 
(method features) depends inter alia on the type of engine (exhaust gas output) 
used. An intended method of using the catalyst system does not imply any 
limitations as to the constructional and/or compositional features of the catalyst 
system itself. 

A.2 The engine not being part of the arrangement of claim 1 , the features "upstream" 
and "downstream" incorporated into present claim 1 do not in any way impose 
restrictions on the catalytic system as such, in terms of the order in which the 
gases are contacted with the catalysts. 

A.3 The intended method of use "suitable for lean burn engine" is not considered to 
imply any limitations on the catalytic system as such, in terms of the construction 
and/or composition of the catalysts. On can only conclude from this statement that 
the properties referred to in claim 1 are to be measured under lean conditions. 

A.4 Claim 1 does not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The claim attempts to define 
some of the features of the device according to claim 1 , ie the types of catalysts 
used, in terms of their desirable oxidation/reduction properties. This is equivalent 
to a mere statement of the technical problem to be solved, without any indication 
of how such properties may be obtained. 

The application comprises examples which show how such properties can be 
obtained, ie by using low "loadings" and low space velocities in the upstream 
catalyst (see also p.7, last paragraph). However these measures (constructional 
features) are in no way reflected in the independant claims. 
It is thus questionable whether the claims are fully supported (Art.6 PCT) as far as 
catalysts with similar properties obtained some other way are concerned, and/or 
whether the skilled person would be aware of alternative ways of obtaining such 
catalyst properties (sufficiency of disclosure, Art.5 PCT) 
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A.5 The admissibility of the disclaimer ("no silver or tungsten") is objectionable. There 
is no basis in the text of the present application as originally filed for excluding 
tungsten (a base metal), whereas the exclusion of silver (neither a Pt group metal 
nor a base metal) appears to be acceptable on the basis of the text (p.2, 3rd 
paragraph) as far as the first catalyst is concerned, but not as far as the 2nd 
catalyst is concerned (see p.3, 1.10 "other components"). 

For establishing novelty over D1 (the sole purpose of a disclaimer), the exclusion 
of Ag from the first stage catalyst would appear to be sufficient. 

A.6 Some passages of the description refer to the invention in a different way than the 
claims. See in particular page 1, paragraphs 3 and 4 and page 7, line 25 
("combination according to the invention"), to be contrasted with the wording of 
present independant claims 1 and 5. 

These inconsistencies do also lead to certain doubts concerning the scope of the 
claims (Art.6 PCT). 

A.7 The description has not been adapted to the amendments carried out in the 
claims. 



B. Re Item III (Non-establishment of opinion with regard to novelty, inventive step and 

industrial applicability) 

B.1 Due to the above objections, a final assessment of novelty and inventive step 
(Art.33(1 )(2)(3) PCT) cannot be made. 

B.2 No meaningful opinion was possible for claims 2 and 3 in view of the objections 
raised under item A. 2. 



C. Re Item V (Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 

or industrial applicability; citations and explanations supporting such statement) 

C.1 D2 = EP-A-0 514 591 discloses a two stage catalyst. The first, upstream catalyst 
comprises Rh and optionally Pt and/or Pd and is used for reducing the major part 
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of the NOx to N 2 . The second downstream catalyst comprises a noble metai, eg Pt 
and/or Pd and performs the oxidation of remaining HC and CO= The catalyst may 
be used with "lean" exhaust gases, with optional addition of reducing agents (as in 
the present application, see p.4, 2nd paragraph). D2 mentions "low loadings" in 
the sense of the present application. See in particular D2, claims 1 and 10-12, p.4, 
I.2-7 and I.35-44, p.6, I.26-39. 

C.2 The conditions used in D2 in the measuring of the catalyst properties differ in 
terms of temperature (600°C), space velocity (50000/hr) and gas composition. 
The only differences, if any, of the presently claimed subject-matter over the prior 
art disclosed in D2 thus consist in the properties of the first and second catalysts 
used, which are expressed in parameter form, the parameters being measured by 
a non-standard method. 



C.3 The burden of identifying differences in terms of properties, composition or 
structure between the present invention and the prior art is with the applicant. 
However, the applicant has not submitted any evidence or arguments showing 
that the two stage catalysts disclosed in D2 do not fall under the scope of present 
claims 1 and 4. 

C.4 Therefore, at the present stage, the subject-matter of claims 1 and 4 is considered 
to lack novelty over D2 (Art.33(1)(2) PCT). Consequently, claims 5, 7 and 8 lack 
novelty or at least inventive step as well (Art.33(1 )(2) PCT). 

C.5 D4 = EP-A-0 707 883 discloses a two-step catalyst system for purifying lean (0 2 
excess) exhaust gases. Both zones comprise at least one of Pt.Pd.Rh.lr. In a first 
zone, the catalyst acts primarily as HC oxidation catalyst. The catalyst in the 
downstream zone performs NOx reduction to N 2 in an essentially HC free 
environment. See in particular D4, claims 1 ,2,4. This document is thus irrelevant 
as far a the claimed process is concerned. Since the relative arrangement of the 
two catalysts and the engine is not specified in present claims 1-4 (see items A.1 
and A.2 above), D4 is however highly relevant for the subject-matter of these 
claims 1 and 4. 
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C.6 In particular, examples 2 and 3 of D4 disclose systems comprising two different 
r,* „„.ni„Mr ir, ear inc io r.ataivsts (1)4/4) and (2)+(4). respectively. From figures 1 

v i~oca.ica.iy 010 • ■ » >^ ~— - — j — — \ - / \ / * * * 

and 2 it can be seen that catalysts (1)and (2) achieve very high conversions of HC 
and CO at 230°C and a space velocity of 30000/hr (see col. 13, 1.24, this value is 
used in all examples). It can thus be assumed that at 25000/hr, the values to be 
reached by the second catalyst referred to in present claim 1 would also be 
obtained. On the other hand, under the same measuring conditions catalyst (4) 
leads to a ratio of NOx conversion to HC conversion of more than 0.2 (see figures 
6 and 7 of D4), even though the HC:NO x ratio is only 1 .5 : 1 . It can thus be 
assumed that at 25000/hr and at HC:NO x ratios of 3:1, the values to be reached 
by the first catalyst referred to in present claim 1 would also be obtained. 

C.7 The applicant has not submitted any evidence or arguments showing that the two 
stage catalysts disclosed in D4 do not fall under the scope of present claims 1 and 
4. Therefore, at the present stage, the subject-matter of claims 1 and 4 is 
considered to lack novelty over D4 (Art.33(1 )(2) PCT). 

C.8 D1 = EP-A-0 661 089 (see the passages mentioned in the search report) 
discloses systems for the purification of lean exhaust gases from internal 
combustion engines comprising two catalysts arranged in series in the exhaust 
gas flow path. According to one embodiment, both catalysts comprise Pt-group 
metals. The purpose of the first catalyst is to reduce the NOx present to N 2 . The 
purpose of the second catalyst is to oxidise the remaining HC and CO. Space 
velocities of 30000IY 1 are mentioned (see eg examples 27 and 31-33). 
However, it is clearly emanates from D1 that silver is the essential component of 
the first stage catalyst, whereas the presence of silver (not a base metal, not a 
platinum metal) is not addressed in the present application (see p.2, 2nd 
paragraph). 

With a proper delimitation over D1 (see item A.5 above), this document would 
therefore have to be disregarded in assessing novelty and inventive step. 

C.9 D3 = DE-A-26 49 825 discloses a two stage catalyst. The first catalyst comprises 
Rh or Ir is used for selectively reducing the NOx to N 2 . The second downstream 
catalyst comprises Pt and/or Pd and performs the oxidation of remaining HC and 
CO. See in particular D3, claims 1-6 and pages 3-4, page 6, 3rd paragraph. The 
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catalyst is said to be suitable for being operated with slightly "lean" exhaust gases 
(see p. 10, L4-S and figure 5). However, A/F ratios of 14.7 are not mentioned, 
there might be a mistake in the values indicated: The stoichiometric point 
("Redoxpotential = 1") is indicated at A/F = 14.48. This is in contradiction with 
what is said in D5, p.1, 1.16-22 (same company as D3) and in D2, p.4, 1.40-41. 
Moreover, in addition to these ambiguities, the data concerning the catalysts used 
as indicated on p.9, last paragraph, are not detailed enough to suggest or disclose 
the properties of the catalysts as defined in present claim 1 . 

C10 D5 = WO-A-93 04767 discloses a two-stage catalyst system for purifying lean 
exhaust gases (A/F>14.7). However, the first stage is different in that it comprises 
a transition metall loaded onto a refractory oxide and a zeolite as active elements. 

C1 1 The industrial applicability of the subject-matter disclosed clearly emanates from 
the description (Art.33(1)(4) PCT). 

Remarks 

The presence of novel and inventive subject-matter is not excluded. Possibly, a 
combination of engine and catalyst system designed to give space velocities 
< 40000/hr in the first stage, and "low loadings" of the first stage catalyst, as well 
as a corresponding process comprising these features, could be considered to 
fulfill the requirements of Art.33 PCT. 

Re Item VII (Certain defects in the international application) 

Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D4 is not mentioned in the description, nor are 
these documents identified therein. 
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(54) Titter EMISSION CONTROL SYSTEM FOR A LEAN-BURN INTERNAL COMBUSTION ENGINE 
(57) Abstract 

An emission control system for a lean-bum internal combustion engine comprises (A) a first catalyst system comprising platinum 
group metal selected from platinum and/or palladium and/or rhodium, which catalyst system has a ratio of % NO* conversion to % 
hydrocarbon conversion of at least 0.2 as measured at a temperature of 230 *C t a space velocity of 25000hH and a hydrocarborrNOx input 
ratio of 3:1 counting the hydrocarbon as equivalent propane, and (B) a second catalyst system, which has, as measured under Che same 
conditions, a % hydrocarbon conversion of greater than 80 % and a % carbon monoxide conversion of greater than 70 %. 
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EMISSION CONTROL SYSTEM FOR A LEAN-BURN INTERNAL COMBUSTION ENGINE 

This invention concerns improvements in emissions control systems, and more 
especially ir concerns improvements in emissions control for engines operating at lean 
5 air/fuel ratios, te air/fuel ratios greater than 1 4.7, generally in the range 19-50. 

It will be appreciated that with lean-burn engines of various types, including 
particularly diesel, lean-burn gasoline and direct injection gasoline engines, the control of 
NOx tends to be difficult This is understandable in that the exhaust gases-contain relatively 

1 0 high amounts of oxygen and hence the removal of NOx involves reduction of NOx to N 2 in 
an overall oxidising atmosphere. Prior proposals have involved storage of NOx in the 
emission control system until a time when the exhaust gas contains relatively less oxygen, 
that is until the engine is running "rich", eg during acceleration. Another proposal is to store 
unbumt hydrocarbon until a point at which it can be released to contribute to NOx reduction. 

15 There remains the need, however, for yet further systems and strategies to achieve control 
of NOx emissions under lean conditions, 

The present invention provides a novel emission control system for a lean-bum 
internal combustion engine, comprising a first catalyst system comprising platinum group 
20 metal and having relatively high selectivity for NOx reduction, and a second catalyst system 
having high activity for the oxidation of hydrocarbons and carbon monoxide. By platinum 
group metal is meant platinum and/or palladium and/or rhodium. 

The invention also provides a process for the control of emissions from a lean-burn 
25 internal combustion engine, comprising passing the exhaust from the engine over a first 
catalyst system comprising platinum group metal and having relatively high selectivity for 
NOx reduction, and then passing the product gases exiting from said first catalyst system 
over a second catalyst system having high activity for the oxidation of hydrocarbons and 
carbon monoxide. 



30 



By selectivity for NOx reduction is meant the ratio of %NOx conversion to % 
hydrocarbon conversion. The catalyst system having relatively high such selectivity has a 
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selectivity of at least 0,2, preferably at least 03, especially at least 0,4; this is as measured 



10 



15 



20 



at a temperarure of 230°C, a space velocity of 25O00hr fc| and a hydrocarbon:NOx input ratio 
of 3: 1 counting the hydrocarbon as equivalent propane. The catalyst system having high 
activity for the oxidation of hydrocarbons and carbon monoxide has, as measured under the 
same conditions, a % hydrocarbon conversion of greater than 80%, preferably greater than 
90%; it has, as measured under the same conditions, a % carbon monoxide conversion of 
greater than 70%, preferably greater than 80%, especially greater than 90%, particularly 
greater than 95%. Defining the catalyst systems according to measurement under these 
conditions does not mean of course that they are necessarily operated under these conditions. 
In a particular embodiment, the first catalyst system is such that the exhaust gases from the 
engine flow over it at a low space velocity, particularly below ^OOOhr" 1 . The second 
caialyst system is usually such that the exhaust gases from the engine flow over it at a space 
velocity of 40000-SOOOOhr' 1 . The first catalyst system usually contains platinum. The 
second catalyst system usually contains platinum. Thus, in a particular embodiment each 
contains platinum. For use, the first catalyst system can be mounted ahead of the second 
catalyst system in the exhaust apparatus of the engine. The present engine is preferably in 
a vehicle, for example a passenger car or heavy duty truck. 

The skilled person may apply the present invention in a variety of ways. The first 
catalyst system may be, for example, a relatively low loading of catalytically active 
component on a substrate, optionally in combination with components that can retain NOx 
and/or reducing species* such as zeolite or like absorbents, or alkaline earth metal 
compounds. We have discovered that reducing the loading of catalytically active component 
(comprising platinum group metal, particularly platinum, optionally in the presence of base 
metal components) compared to conventional exhaust gas catalysts, serves to increase the 
selectivity of the catalyst system towards NOx reduction. The first catalyst system can 
contain for instance platinum group metal, particularly platinum, in amount less than 30gff? 
(30g per 0.028m 3 )- 



30 In a particular embodiment, the first catalyst system provides a low space velocity. 

Normal space velocities for exhaust catalysts systems are 40000-800001^. A lower space 
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velocity may be achieved readily in practice by increasing the volume of the catalyst, or by 
utilising two catalyst "bricks'* in parallel 

The second cataiyst system is required to be of high oxidation activity. Such 
5 catalyst need not have NOx selectivity, but must be capable of oxidising hydrocarbons and 
carbon monoxide under the reaction conditions, to the desired extent, usually so as to satisfy 
emission standards regulations. Normal space velocities may be used. The second catalyst 
system usually comprises platinum group metal, particularly platinum, . optionally in the 
presence of base metal components, A suitable oxidation catalyst comprises platinum on 
10 a high surface area support, optionally with other components which promote such 
oxidations. 

The skilled person is very familiar with conventional exhaust gas catalyst 
technology. Generally, a support which is a honeycomb-type extruded ceramic or wound 

15 metal monolith or "brick" is coated with a surface area-enlarging washcoat. for example a 
washcoat consisting of or comprising alumina. Deposited onto the washcoat is a coating of 
one or more catalytic components, optionally with one or more other components such as 
ceria, zirconia, zeolite or the like, and the catalyst may be multi-component deposited in 
discrete layers or some components may be layered, with other components distributed 

20 throughout such layers. In the present invention, the actual catalysts chosen, and their 
construction, are not critical providing they meet the criteria stated. 



reduction of NOx. For example, taking the hydrocarbon as C 3 H^ the following reactions 
25 could take place: 



It is now well established that carbon monoxide and hydrocarbons play a part in the 



1 8NO + 2C& - 9N 2 + 6C0 2 + 6H 2 0 
2NO + 2CO - N 2 + 2CO, 



30 



The molar ratios required for NOx reduction, namely C 3 H 6 to NO and CO to NO. 
exceeded over the European test cycle on averag e with a diesel engine. However, there 
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low NOx conversions, (eg much less than 1 0%) are achieved in the European test cycle. 

It may be preferred to increase NOx conversion under certain conditions by 
increasing the relative quantity of hydrocarbons in the exhaust. For example, injection of 
fuel into the exhaust upstream of the first catalyst system may be used. Alternatively, 
hydrocarbon storage using zeolites or the like, may be useful. It will be appreciated that 
there would be a small fuel consumption penalty if fuel injection into the exhaust is used. 
The high activity second catalyst system is readily capable of catalysing the oxidation of any 
excess hydrocarbons under the lean conditions. 

Conventional catalyst manufacturing technology may be used. 

The first and second catalyst systems may be mounted in a single "can" in the 
exhaust system, or they may be separated by a length of exhaust pipe. 

The present engine is generally a diesei, lean-bum gasoline or direct injection 
gasoline engine. 

The present invention is illustrated by the following Tests, 



The increase of NOx selectivity corresponding to decreasing platinum loading was 
shown for a standard 6in (15.2cm) catalyst brick. Exhaust from a 1.9 litre turbo direct 
injection diesei bench engine, operating at steady state conditions was used. NOx selectivity 
is measured as % NOx conversion at 230°C/% hydrocarbon conversion at 230 ft C. The 
results are shown in Table 1 below. 



XesU 



30 
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Pt loading (g/fi 3 ) 
(g/0.028m 3 ) 


NOx selectivity at 230 °C 


10 


LOO 


25 


0.40 


50 


0.34 


75 


0.33 


100 


0.31 



A reduced loading of catalyst therefore improves selectivity. 



15 



20 



Test 2 



The increase in NOx conversion, at a constant platinum loading ( 1 .5g) per catalyst 
brick, by decreasing space velocity and reducing loading in g/unit volume was measured. 
TTie same engine and conditions was used as in Test ! . The NOx conversion was measured 
with "raw" exhaust from the engine ("Passive") and with the addition of hydrocarbon (HC) 
into the exhaust to yield a HC3:NOx ratio of 2.0:1. HC3 means that the hydrocarbon is 
counted as equivalent propane. 
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Catalyst length 
inches (cm) 


Maximum NQx Conversion (%) 


Passive 


Added HC 


1 (2.5) 


6 


13 


2 (5.1) 


12 


17 


3 (7.6) 


16 


22 


4 (10.1) 


18 


25 


5 (12.7) 


22 


29 


6 (15.2) 


25 


33 



It can clearly be seen that increasing catalyst length and hence decreasing space 
1 5 velocity is beneficial in overall NOx conversion. 



EXAMPLE 

A 1996 model passenger car with a 2.5 litre turbo direct injection diesel engine was 
20 used with several different exhaust catalyst systems, for standard EUDC emission tests 
(Extra Urban Driving Cycle emission tests of the European Union). The results are shown 
in Table 3 below. 
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IABLE3 



10 



15 





HC 


CO 


NOx 


HC+ 
NOx 


PM 

(4) 


%NOx 


No Catalyst 


0.322 


1.034 


0.394 


0.715 


0.089 


0.0 


OEM Catalyst (1) 


0.196 


0.913 


0.389 


0.585 


0.081 


1.3 


New Catalyst (2) 


0.067 


0.336 


0.332 


0.399 


0.079 


15.7 


Lean-NOx Catalyst 
(3) 


0.054 


0.495 


0.294 


0.347 


0.073 


25.4 


Lean-NOx Catalyst + 
Oxidation Catalyst (5) 


0.037 


0.237 


0.292 


0.329 


0.077 


25.9 



Notes: 

o) 

(2) 
(3) 
(4) 
(5) 



20 



OEM (Original Equipment Manufacturer) catalyst, 6m (15.2cm) long, with 46g/ft" 3 
(g per 0.028m 3 ) Pt. 

Advanced oxidation catalyst, 6 in (15.2cm) long with 40g/fV 3 (g per 0.028m 3 ) Pt. 
Lean-NOx catalyst. 12 in (30.5cm) long, with 25g/ft' 3 (g per 0.028m 3 ) Pt. 
PM = Particulate Matter, g/km 

Lean-NOx catalyst, 9in (22.9cm) long, with 25g/ft J (g per 0.028m 3 ) Pt. followed by 
oxidation catalyst, 3 in (7.6cm) long, with 100g/ft° (g per 0.028m 5 ) Pt. 



All the catalysts used were fresh, ie without ageing. 



25 



It can readily be seen that the low loading, low space velocity Lean-NOx Catalyst is 
very effective in convening NOx, and that the combination according to the invention is 
remarkably effective. 
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1 . An emission control system for a iean-buni internal combustion engine, comprising 
(A) a first catalyst system, comprising platinum group metal selected from platinum and/or 

5 palladium and/or rhodium, which catalyst system has a ratio of % NO* conversion to 
% hydrocarbon conversion of at least 0.2 as measured at a temperature of 230°C a space 
velocity of 25Q00hr Bl and a hydrocarbomNOx input ratio of 3:1 counting the hydrocarbon 
as equivalent propane, and (B) a second catalyst system, which has, as measured under the 
same conditions, a % hydrocarbon conversion of greater than 80% and a % carbon monoxide 

1 0 conversion of greater than 70%. 

2. A control system according to claim 1 , wherein the first catalyst system is such that 
the exhaust gases from the engine flow over it at a space velocity below 40000hr*'* 

15 3. A control system according to claim 1 or 2, wherein the second catalyst system is 
such that the exhaust gases from the engine flow over it at a space velocity of 40000- 
80G00hr r . 

4, A control system according to any one of the preceding claims, wherein the first 
20 catalyst system and the second catalyst system each contains platinum- 

5, A control system according to any one of the preceding claims, wherein the first 
catalyst system is ahead of the second catalyst system in the exhaust apparatus of the engine. 

25 6. A process for the control of emissions from a lean-burn internal combustion engine, 
comprising passing exhaust gases from the engine over a first catalyst system, comprising 
platinum group metal selected from platinum and/or palladium and/or rhodium, which 
catalyst system has a ratio of % NOx conversion to % hydrocarbon conversion of at least 0.2 
as measured at a temperature of 230°C, a space velocity of 25000hr _1 and a 

30 hydrocarbon:NOx input ratio of 3 : 1 counting the hydrocarbon as equivalent propane, then 
passing the product gases exiting from the first catalyst system over a second catalyst 
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system, which has, as measured under the same conditions, a % hydrocarbon conversion of 
greater than 80% and a % carbon monoxide conversion of greater than 70%. 

7, A process according to claim 6, wherein the gases are passed over the first catalyst 
5 system at a space velocity below 40000hr ! . 

8. A process according to claim 6 or 7, wherein the gases are passed over the second 
catalyst system at a space velocity of 40000-80000hr I . 

0 9. A process according to any one of claims 6-8, wherein the first catalyst and the 
second catalyst system each contains platinum. 



A process according to any one of claims 6-9, wherein the engine is in a vehicle. 
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